Background and Purpose-For patients having suffered ischemic stroke, the current diagnostic strategies often fail to detect atrial fibrillation as a potential cause of embolic events. The aim of the study was to identify paroxysmal atrial fibrillation in stroke patients. We hypothesized that patients with frequent atrial premature beats (APBs) recorded in 24-hour ECG will show more often atrial fibrillation when followed by repeated long-term ECG recordings than patients without or infrequent APBs. Methods-127 patients with acute ischemic stroke and without known AF were enrolled in a prospective study to detect paroxysmal AF. Patients were stratified according to the number of APBs recorded in a 24-hour ECG (Ն70 APBs versus Ͻ70 APBs). Subsequently, they all underwent serial 7-day event-recorder monitoring at 0, 3, and 6 months. Results-Serial extended ECG monitoring identified AF in 26% of patients with frequent APBs but only in 6.5% when APBs were infrequent (Pϭ0.0021). A multivariate analysis showed that the presence of frequent APBs in the initial 24-hour ECG was the only independent predictor of paroxysmal AF during follow-up (odds ratio 6.6, 95% confidence intervals 1.6 to 28.2, Pϭ0.01). Conclusions-In patients with acute ischemic stroke, frequent APBs (Ն70/24 hours) are a marker for individuals who are at greater risk to develop or have paroxysmal AF. For such patients, we propose a diagnostic workup with repeated prolonged ECG monitoring to diagnose paroxysmal AF.
U
p to 20 to 25% of ischemic strokes occur because of embolic complications of atrial fibrillation (AF). 1, 2 In the presence of AF after ischemic stroke or transient ischemic attacks, patients are at especially high risk to suffer recurrent strokes, whether atrial fibrillation is paroxysmal or permanent. Both patients with paroxysmal and permanent atrial fibrillation benefit from anticoagulation substantially. [2] [3] [4] Therefore it is imperative to identify paroxysmal AF after stroke or transient ischemic attack and use anticoagulation in such patients. Twenty-four-hour ECG recordings are routinely used to look for paroxysmal AF in stroke victims, but the test has a relatively low sensitivity. [5] [6] [7] However, often abnormal electrical activity that triggers paroxysmal AF can be demonstrated in 24-hour ECG recordings. 89 In a previous study, we demonstrated an association between frequent atrial premature beats (APBs) in 24-hour ECG recordings and an increased incidence of paroxysmal AF in patients with ischemic stroke. 10 Having shown the association between APBs and paroxysmal AF in stroke patients we hypothesized that serial long-term ECG recordings would be efficient to identify AF in patients with frequent APBs on 24-hour ECG recording.
Materials and Methods

Patient Eligibility
Patients were recruited from inpatient wards of the University Hospital of Bern and were eligible if they had suffered an acute ischemic stroke without known paroxysmal AF. Patients with persistent severe cognitive deficits, severe aphasia, and patients with a life expectancy shorter than 6 months were excluded. All patients routinely underwent 24-hour ECG recording within 2 to 6 days of admission. Documentation of atrial fibrillation during the hospitalization or in the 24-hour ECG was an exclusion criterion. The research protocol was approved by the ethics committee and informed consent was obtained.
Measurements
Consenting patients underwent transthoracic echocardiography within 2 to 6 days of admission. The 24-hour ECG data, recorded with 2 bipolar electrodes in the V2 and V5 positions, were transferred to an interactive computer and a commercially available software was used to detect arrhythmias (CardioDay, Getemed). In addition, all recordings were reviewed and edited by a well-trained technician blinded to the follow-up data. The following criteria were used for the detection of APBs: A reduced RR interval of 25% or more, the presence of a P wave, and a QRS width of less than 0.12 seconds. The patients were stratified according to the number of APBs per 24 hours and allocated to 2 groups that had been defined according to the results of a previous retrospective study. 10 One group included patients with less than 70 APBs, and the other patients with 70 or more APBs per 24 hours. Frequent APBs refer to the presence of Ն70 APBs per 24 hours. All patients underwent serial 7-day event-recorder monitoring at 0, 3, and 6 months to detect asymptomatic AF episodes. Moreover, they were requested to contact their physician if they felt any palpitations to try to document arrhythmias. Occurrence of AF was defined as the documentation of 1 AF episode lasting at least 30 seconds. The incidence of AF episodes were compared in both groups with and without frequent APBs in the initial 24-hour ECG.
Statistical Considerations
Continuous values are presented as means (SD). The Mann-Whitney U test and 2 test were used for comparisons between groups when appropriate. Backward stepwise multiple logistic regression analysis was performed to assess the relation between frequent APBs and subsequent AF with adjustment for covariates. The assumption of proportional hazards for the Cox regression model was checked for the following factors: age (Ͻ65 versus 65 years and older), gender, hypertension, dyslipidemia, diabetes, smoking, the presence of left atrial enlargement, left ventricular hypertrophy, impaired left ventricular function, the presence of mitral regurgitation, as well as the presence of a patent foramen ovale or its treatment with an occluder device. A 2-sided probability value Ͻ0.05 was considered significant. All statistical analyses were performed using Statview 4.5 (Abacus Concepts Inc) and SPSS 10.0 for Windows.
Results
We compared 50 patients with frequent APB (Ն70 APB/24 hours) and 77 controls with infrequent APBs (Ͻ70 APBs/24 hours; Table) . Patients with frequent APBs were older, had arterial hypertension more often, and a higher LV mass index than patients without or infrequent APBs. Seven-day event-recorder monitoring identified paroxysmal AF in 13 patients (26%) with frequent APBs and in 5 patients (6.5%) with infrequent APBs (Pϭ0.0021). The cumulative incidence of paroxysmal AF in both groups is shown in the Figure. Frequent APBs, on the other hand, were present in 72% of patients who were found to have paroxysmal AF, but in only 34% of patients without paroxysmal AF (PϽ0.004). In the univariate analysis, frequent APBs on the initial 24-hour ECG were strongly associated with the documentation of paroxysmal AF in the follow-up recordings (odds ratio 5.1; 95% CI 1.7 to 15.3, Pϭ0.004).
After adjustment for clinical covariates in a multiple logistic regression model the increased incidence of paroxysmal AF among patients with frequent APBs remained significant with an odds ratio of 6.6 (95% confidence intervals 1.6 to 28.2, Pϭ0.01).
In patients with documented paroxysmal AF (nϭ18) on 7-day event-recorder monitoring there was no difference of age, gender, prevalence of cardiovascular risk factors, prevalence of hypertension, and echocardiographic characteristics, including left atrial size, left ventricular mass index, and LV ejection fraction, when compared with patients without identifiable paroxysmal AF (nϭ109).
Discussion
Frequent APBs in a 24-hour ECG identify stroke patients who are at increased risk of having or developing paroxysmal atrial fibrillation (PAF). Serial 7-day ECG recordings revealed paroxysmal AF in 26% of patients with frequent APBs, 5 times more often than in patients without or infrequent APBs (Ͻ70/24 hours). Multivariate analysis demonstrates that APBs represent a risk factor for paroxysmal AF that is independent of other factors commonly associated with AF such as age, left atrial enlargement, and hypertension. Thus, the results of our study support a new diagnostic strategy to identify paroxysmal AF in stroke patients, which would remain unidentified with the current diagnostic approaches: First, 24-hour ECG recording to count the number of APBs, and then serial 7-day ECG recordings selectively in patients with Ն70 APBs per 24 hours.
For patients having suffered an ischemic stroke, the current diagnostic strategies often fail to detect paroxysmal AF as a potential cause of embolic events, though unrecognized paroxysmal AF is a major and when diagnosed treatable risk factor for recurrent stroke. 11 Therefore, improvement in the detection of paroxysmal AF in stroke victims is essential. Left ventricular ejection fraction, n (%) 63Ϯ7 5 9 Ϯ10 0.021
Patient Characteristics With Respect to the No. of APBs
Paroxysmal atrial fibrillation, n (%) 5 (6.5%) 13 (26%) 0.0021 APB indicates atrial premature beats; ns, nonsignificant.
Cumulative incidence of paroxysmal atrial fibrillation (in %) detected at serial follow-up (F/U) with 7-day event recording.
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Twenty-four-hour ECG detects atrial fibrillation in 1% to 5% of unselected patients with stroke, and because of its low sensitivity its clinical value is controversial. 6, 7, 12 The rationale to correlate the presence of arrhythmogenic triggers with an increased incidence of paroxysmal AF is supported by recent advances in the understanding of the pathophysiology of atrial fibrillation. A large array of evidence demonstrates that AF is triggered by multifocal abnormal electrical activity, usually originating in the pulmonary veins. 8, 13, 14 Other studies have shown the association of frequent APBs, AF, and stroke. In a population-based cohort, frequent APBs in 68-year-old patients were associated with a relative risk of 1.9 to suffer a stroke. 15 Patients with frequent APBs after bypass surgery had a higher risk to develop AF as well, 16 and in a more recent study, frequent atrial extrasystoles (Ն1/min) after exercise predicted AF in patients with left ventricular hypertrophy. 17 In a retrospective study, we showed that frequent APBs were associated with AF in patients with acute ischemic stroke, 10 and the present prospective study confirms even that frequent APBs are strongly associated with AF. Furthermore, the study results permit to suggest an algorithm to detect paroxysmal AF efficiently with serial 7-day ECG recordings selectively in patients with frequent APBs, ie, in patients with a high probability of AF.
Factors that commonly predict the risk to develop AF such as age, hypertension, left ventricular hypertrophy, etc. were not associated with AF in our study. This may be because of the sample size. In a larger cohort these associations would probably have been found. In fact, however, this emphasizes the stratification power of frequent APBs, which reliably predicted paroxysmal AF even in a relatively small study. The strong association between repetitive APBs and the presence of paroxysmal AF reflects their pivotal role as AF triggers.
Uncovering AF in patients with stroke is important. However, our study does not necessarily establish AF as cause of stroke in the patient studied. The association of AF with ischemic stroke is not exclusively related to cardiogenic embolism, and in some stroke patients with AF concurrent other potential stroke causes are found. 18 The suggested diagnostic algorithm to use serial 7-day ECG recordings may detect a stroke population which is not at the same risk of recurrent stroke as patients in whom paroxysmal AF is detected already in a 24-hour ECG recording. It is likely that such patients derive also a benefit from long-term anticoagulation as patients who had been randomized to antithrombotic trials in AF. However, the question of optimal secondary prevention in these patients will have to be addressed in new trials.
Conclusions
Frequent APBs mark stroke patients who are likely to have or to develop paroxysmal AF. For patients with frequent APBs on 24-hour ECG, we propose to use serial 7-day ECG recordings at distinct intervals to look for paroxysmal AF. Such an approach is efficient to identify AF in stroke patients who would potentially benefit from anticoagulation and sustain less recurrent strokes.
Sources of Funding
Etienne Delacrétaz is supported by a Swiss National Research Foundation grant.
Disclosures
None.
